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ABSTRACT

_Alrcraft sampling penetrations of a low-yield nuclear cloud fromya land-surface

burst in Nevada were made at four altitudes, from 20 to 54 minutes after deto~
nation. Samples from each of the four levels were radiochemically analyzed for
15 fission product isotopes. Other samples from each level were fractionated
into seven particle size groups by settling in benzene. The individual size
fractions were analyzed radiochemically and by gamma spectrometry. Particle
size distributions and specific activities were measured in the untreated and
artificially fractionated specimens of debris. Fallout samples were collected
in trays along the fallout hot-line. The fallout samples were radiochemically
and gamma spectrometrically analyzed.

The extensive radiochemical and physical data publishéd by NRDL on the
fallout samples (Reference 9) were used in conjunction with the cloud data to
establish: (1) approximately 70 to 75 percent of Zr® and the rare earth refrac-
tory fission products had fallen out of the cloud within 20 minutes of the detona-
tion. Of the 25 percent remaining, about 16 percent later fell out locally and at
intermediate distances; the remaining 10 percent resided in particles less than
18 micron diameter and was carried to larger distances. (2) Approximately 5
percent of Cs®' and Sr® fell out of the cloud in the first 20 minutes. Of the Cs
remaining in the 20-minute cloud, about 25 percent fell out locally and at inter-
mediate distances; the remaining 70 to 75 percent was associated with particles
less than 18 microns in diameter and was dispersed to larger distances.

The partitioning of 18 fission product chains between the cloud and the prompt
fallout has been determined from the detailed radiochemistry of the cloud and
fallout sanples. All are intermediate between Zr and Cs in partitioning behavior.

The radiochemical composition of prompt fallout particulates can be system-
atized on the pasis of a simple model employing the concept of fallout formation
time.

The R value (hh for the cloud are satisfactorily fit by the relationship
Ri,g = (R.,..) where n varies between 0 and 1 for the different isotopes. The
relationship is not extrapolatable to the composition of the fallout samples.

Three specific activity and particle size distribution behaviors can be dis-
cerned: irregulars in the cloud; irregulars in the prompt fallout; and spheres
in the cloud.

The particle frequency functions for the irregulars in the cloud can be fit by
F(Dy/D*!, The size distribution for spheres appears to be approximately log-
normally distributed about a mean of 30 microns.

The specific activity of all isotopes in the cloud is highest in the smallest

particles. &Mmottr‘mm)hﬂuolwddnmwlﬁhcm
Mdem;antlxm . similar o the value in the most
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intense prompt fallout samples. 8, in the cloud averaged 4 x 10'¢ fissions/gm

compared to 1.2 x 102 in the intense prompt falleut. The relationship between
Sy and diameter is given by: S8e <D~*3x81 87 follows no simple relationship
with D over the entire size range but the distribution of Cs between particles
>18u and <18y can be fit by 8,4y D~1. Data on the regulars (spheres) are ten-
tative. The spheres exhibit a somewhat higher specific activity (Sy) than the
irregulars. No more than 10 percent of the cloud fission activity is borne by
spheres. Microprobe analysis demonstrates most spheres contain iron, with
various quantities of Cr, Mn, Ni, and Zn, some of which show & tendency to be
enriched relative to iron as particle size increases.

The importance of synthesizing data from cloud and surface sampling analy-
sis programs is stressed. Isotopic fractionation is used as & tool in u'rlvtnc
at & partitioning between prompt and more remote fallout.




the specific activity of individual airburst particles in

the micron size range has Scen observed by the author to
decrease with size. These airburst partie}es are highly
enriched in refractory relative to volatile isotopes, and the
majority of their activity is due to the refractory
radioisotope components (zr7° and rare earths). Hence one
would exnect a gross specific activity relationship which

is essentially constant, or which t;alls off between D2

and D3. In fact, the fall off in specific activity with D is
much steeper than D? in the majority of instances observed
(Reference L4). In a surface burst a large fraction of the
matrix to which the radioactive comnonents can be attached has
-never been volatilized at all. Thus surface attachment of the
fission fragments to larger inert particles must be considered

an important mode of associaticn in ground bursts.

Particle Size Distribution. The HRDL D-~Model (Reference 5)

for fallout assumes a log-normal particle size distribution
for Nevada soil with Log,oD = 2.053 and o= 0.732. Values
adopted for coral are 1ogloD = 2,209 ando = 0.424. RAND
(Reference 5) uses a distribution defined by loe;loD = 1.65
ando =0.69 to describe 95% of the cloud, and logloD = 2.3k

ando =0.50 to describe the remaining 5%. Both models

18
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are 2.9 x 101

assume a uniform activity distribution with mass. For example, -

the RAND model with log,,D = 1.95 puts 95% of the activity

" between 20 and 360 micron diameter particles, and with

log, D = 2.54, 95% of the activity is between 160 and 1200 microms.

Specific Activity and Particle Size. The literature on

particle size distributions, and specific activity as a
function of particle size (mostly gross activity data, un-
dirferentiated by nuclide assay), is abundant. This resume
will confine itself to Jangle S, Jangle U, and Teapot ESS
(References 6 through 8).

(1) The highest specific activities we have been able

to find documented radiochemically for Jangle S and Jangle U

3 fissions of Mo”’ per gram of fallout. In Jangle U,

Mo99 appeared to be the most refractory isotope, judging from

comparative analyses of Zr95 and Celm‘ in the specimens

4

(References 7 and 8). In Teapot ESS, gt 4 (expressed in fissions

of cclm' per gram of fallout and estimated by us from the dpm/gm

data) exhibited a maximum of about 2.3 x 1033

» along

the hot-line, although one sample collected 3,400 yards from
ground sero gave an estimated sllol; of 5 x .1()1'h fissions per gram
(Reference 6). Tuis is probably a sample of true fireball
material. It is estimated that one ton of yield will vaporise

about 0.4 ton of soil. Thus, a reasonsble upper limit for

19



the specific activity of a soil-like fission product as

ce™ vould be sbout 3.5 x 10*" fissions/em of prompt fallout.
The average specific activity for a given event is difficult

to‘ determine without a ¢comprehensive analysis of all pertinent
data. For example, in Teapot ESS, Slhh increased from 4.5 x 10:."2

13 4t 3,400 yards (R/or = h3).

at 300 yards (R/hr = 4150) to 2.3 x 10
A crudely weighted average of about 5.5 x 1012 Flhh/m is
indicated.

(2) The specific activity generally decreased with particle
size but was constant to within a factor of two over the
range of 400 to 3000 microns. In Jangle S and Jangle U, 95% of
the total activity was found in particles in excess of 20

microns diameter. There is some tendency for enrichment of
Sra9 b

Oelm“. Typically, ground fallout particles contain less

99

and Ba.l 0 in the finer particles relative'to ng 3 or

than 105 of their representative Sr ° content and about 35%

of their representative Ba\no

content relative to the refractory
isotopes (Reference 6 through 8).

(3) The fraction of fully active particle in the
intense, prompt fallout increases with particle sisze. It
is estimated in Jangle U that 0.1%, 15, and 10% of 1, 10' and
10C-micron particles, respectively, were active. In ‘feapot ESS,
12% of particles larger than 200 microns were fully active

and 39% were surface active.
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(4) Hot particles have a number nean diameter larger

< than cold particles. The standard deviation of the frequency

curves of hot and cold particles are celﬁ;rablee 'n;e mass

distribution for the prompt fallout along the hot-line genérally

is peaked to larger sizes than the undisturbed preshot soil.
(5) The radiochemical composition of cloud and fallout:

samples indicates severe fractionation of i‘sotopiq ratios

of a comglementa.ry nature. The refractory isotopes Zr95,

Ce'™ and 4o®7 are enriched in the fallout ssmples. The

06 .
89, Bn.lho, Agnlj and Rul are enriched

volatile isotopes Sr
in the cloud samples. To our knowledge material balance
calculations have not been performed for these events,

‘whereby an attempt was nmade to partition redioisotope uctiwitiu_'

betwveen surface and the cloud.




" TABLE 3.13 RADIOCHEMICAL COMPOSITION OF PROMPT FALLOUT

Zr95 R' Values
. 0=fm 6-20m 0-6m 6-20m
sr) 0.0317 0.100 i3t 0.083 0.95
80 0.107 0.40 Tei32 0.061 0.59
e 0512 0.62 wcel36 0.49 -
Mo 1.00 1.00 cs237 0.03b 0.35
2 1.00 1.00 . pall0 0.28 0.67
M o 0.95° cettd 0.46+.15  0.83
1% 008 0.40 cellt 1.06 1.00
. In the above table, ute‘ri.sked values have been divided by 1.6

to normalize for their increased yield in bomb spectrum fissionm. -

. The values in the table for Sr%/zr’’ = .0317 are estimated to
be good to 108 for 81, 590, Y91, Mo%, 295, Bal® ana etV
and to + 25% of the quoted value for the remaining isotopes,
unless noted. The values for 8r°2/zr’° = 0.1 are considersbly
less well established and are based exclusively on the lines

dram through the data points of Figures 3.6a and 3.6b.

Ny
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L.5 PARTICLE SIZE AND MASS FREQUENCY CURVES FOR THE EVENT

The salient features of the particle size and mass
frequency curves for the event can be deduced from a synthesis
of NRDL and our data. A crude normalization might be provided
by using the fact that there are approximately 40O tons of
debris in the 20-minute cloud and of the order of 1000 tons
of high specific activity prompt fallout.

The particle size distribution found in the 20-minute

+3.25

cloud appears to be given by K/D to good approximation

between 1 micron and the cloud cut-offs (100 to 160 microns).
This implies a mass distribution as 54L251n the cloud.
The NRDL data (see summary in Table 3.1l1) exhibit a median

mass diameter of 700 to 1,000 microns in the more intense

fallout (it is lower elsewhere) and a median activity diameter
(MAI) Memswhink gemubey bR ki HME, ik, I Heferenoe 8§ hinn
observed that the fraction of radioactive particles increases
with size in the fallout, being about 25 to 50 percent in the larger
size fractions (>200u). This finding is in accord with our
observation that the mean specific activity of the prompt
fallout 395 =5.Tx 1013, whereas the specific activity of

the lava particles, which represent the main active component,
is 1.88 x lOlh or approximately three times higher. Further,

the specific activity of lava particles is reasonably constant.

4
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Appendix A
CLOUD PENETRATION
PROCEDURE

Cloud penetration samples were collected by three B-5T
sampling aircraft for this project. The aircraft penetrated
the Johnle Boy cloud at different altitudes and times after
detonation (Table A.1).

Although some modifications of the procedures were made
during the experiment just prior to the penetrations, the
gen;ral procedure for the collection 6!‘ samples by the air-
craft were the same. An aircraft was to penetrate the cloud
at a designated altitude and time after detonation in straight
and 1e§e1 flight and collect a sample in one of the wing tip
sample collectors. After emerging from the cloud, the air-
craft would again penetrate at another altitude and collect
a sample with the other wing tip sample collector.

The crew was furnished a data card for recording time of
entry and exit of the cloud, maximum dose rate recorded in
the cloud, total dose during penetration, airspeed, altitude,
temperature, and general comments on the size and shape of
the cloud.

Immediately after a cloud penetration, the aircraft
landed and the crev members were removed from the aireraft
and monitored by a Rad Safe team. The aircraft vas monitored
and the wing tip samples were then removed and placed in
individual lead pigs.

93
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DISCUSSION

The Johnie Boy event was detonated one foot below ground
at the Nevada Test Site on 11 Jul 62 at 0945 hours. The .cloud
resched a height of approximately 14,000 feet MSL and ground
sero was 5,200 feet MSL.

Three B-57 aircraft from the 1211th Sampling Squadron
at Kirtland Air Force Base, New Mexico, performed the cloud
penetrations. Two of the a:l.rci‘aft were airborne prior to
H-hour and penetrated the cloud from H+20 to H+33 minutes.
The third aircraft was dispatched at H+20 minutes and
penetrated the cloud at H+48 and H+#Sk minutes.

The data as recorded by the crevw during the cloud
penetrations are presented in Table A.2. ‘

Photographs of the cloud at H + 25 seconds, H+ 1 minute 30
seconds, and H+ 2 minutes 30 seconds, are shown in Figures A.l

through A .3,

After the samples were removed from the aircraft wing
tips, theywere monitored and placed in lead pigs. The filtef
sample from a single wing tip tank is divided into a half and
tvo quarter samples. BRach of these sections was placed into
a single lead pig. ' |

The data ébtdnod from the samples immediately after
their removal from the aircraft appear in Table A.3. The date
cbtained co the ssmples st M2k hours aggesr in Table A4,
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